REMARKS 



Applicants respectfully request entry of the Amendment and reconsideration of the 
claims. Applicants have amended claims 30 and 32. Applicants have also added new claims 34- 
39. No new matter has been added through the amendments nor the new claims. Upon entry of 
the amendment, claims 30 and 32-39 will be pending. Applicants respectfully request 
reconsideration and withdrawal of the rejection under 35 U.S.C. § 1 12, first paragraph. 

Claim Amendments and New Claims 

Claims 30 and 32 have been amended, and claims 34-39 have been added. Support for 
the claim amendments and the new claims can be found throughout the specification including at 
page 7, line 32 to page 8, line 2; page 20, line 27 to page 21, line 13; and Examples 1-4. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Rejection under 35 U.S.C. §112, first paragraph 

The Examiner rejects claims 30, 32, and 33 under 35 U.S.C. §112, first paragraph, for 
allegedly failing to comply with the enablement requirement. Applicants respectfully traverse 
the rejection. 

The Examiner alleges one skilled in the art would not know how to use the claimed 

invention because the claims are not supported by a well-established utility. According to 35 

U.S.C. § 101, "[wjhoever invents . . . any new and useful . . . composition of matter may obtain a 

patent therefore. ..." Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection 
based on lack of utility. An invention has a well-established utility if (i) a 
person of ordinary skill in the art would immediately appreciate why the 
invention is useful based on the characteristics of the invention (e.g., 
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properties or applications of a product or process), and (ii) the utility is 
specific, substantial and credible . . . 

If the applicant has asserted that the claimed invention is useful for any 
particular practical purpose (i.e., it has a "specific and substantial utility") 
and the assertion would be considered credible by a person of ordinary 
skill in the art , do not impose a rejection based on lack of utility . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 

The standard for "credible" is defined as: 

. . . whether the assertion of utility is believable to a person of 
ordinary skill in the art based on the totality of evidence and 
reasoning provided. An assertion is credible unless (A) the logic 
underlying the assertion is seriously flawed, or (B) the facts upon 
which the assertion is based are inconsistent with the logic 
imderlying the assertion. 

(MPEP 2107,02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

Langer and subsequent cases direct the Office to presume that a 
statement of utility made by an applicant is true , [citations 
omitted] . . . Clearly, Office personnel should not begin an 
evaluation of utility by assuming that an asserted utility is likely to 
be false. 

CompHance with 35 U.S.C. 101 is a question of fact [citations 
omitted]. Thus, to overcome the presumption of truth that an 
assertion of utility by the applicant enjoys, Office personnel must 
establish that it is more likely than not that one of ordinary skill in 
the art would doubt (i.e., "question") the truth of the statement of 
utility . ... To do this, Office personnel must provide evidence 
sufficient to show that the statement of asserted utility would be 
considered "false" by a person of ordinary skill in the art. 

(MPEP 2107.02, III(A)(emphasis added). 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection 
was sustained either because the applicant failed to disclose any 
utility for the invention or asserted a utility that could only be true 
if it violated a scientific principle, such as the second law of 



thermodynamics, or a law of nature , or was wholly inconsistent 
with contemporary knowledge in the art. In re Gazave, 379 F.2d 
973, 978, 154 USPQ 92, 96 (CCPA 1967). Special care therefore 
should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a 
previous lack of success in treating a disease or condition, of the 
absence of a proven animal model for testing the effectiveness of 
drugs for treating a disorder in humans, should not, standing alone, 
serve as a basis for challenging the asserted utility under 35 U.S.C. 
101 . 

(MPEP 2107.02, III(B)(emphasis in original and added). 

The Guidelines additionally provide that: 

There is no predetermined amount or character of evidence that 
must be provided by an applicant to support an asserted utility, 
therapeutic or otherwise. Rather, the character and amount of 
evidence needed to support an asserted utility will vary depending 
on what is claimed (citations omitted), and whether the asserted 
utility appears to contravene established scientific principles and 
beliefs , (citations omitted). Furthermore, the applicant does not 
have to provide evidence sufficient to establish that an asserted 
utility is true "beyond a reasonable doubt." (citations omitted). 
Nor must an applicant provide evidence such that it establishes an 
asserted utility as a matter of statistical certainty . Nelson v. 
Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 
1 980y reversing the Board and rejecting Bowler's arguments that 
the evidence of utility was statistically insignificant . The court 
pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility should not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. An assertion of utility is presumed to be true . The burden is on the Examiner to show 
that one of ordinary skill would find the asserted utility to be false. The present invefition 
satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in the 
art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mice have the inherent and well-established utility of defining the function and role of 
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the disrupted target gene , regardless of whether the inventor has described any specific 

phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 

human genome has produced countless genes whose function has yet to be determined. 

According to the National Institute of Health, knockout mice represent a critical tool in 

studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animaPs germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 

( http://www.genome.gov/pfy.cfm?pageid=10005834 )(emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NIH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 

director of the NIH Chemical Genomics Center of the National Human Genome Research 

Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skames) has proposed 

creating knockout mice for all mouse genes: 

Now that the human and mouse genome sequences are knovra, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus^ has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics , exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 



mammal and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ii) almost all (99%) mouse genes have homologs in 
humans: and (iii) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allov^ing genes to be altered 
efficiently and precisely . 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function , the frequency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al., Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis in original, emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromatographs. screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utility (e.g.. they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 
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(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function), one that is clearly recognized by those skilled in the art. 

For example, according to the Molecular Biology of the Cell (Albert, 4^*^ ed., Garland 
Science (2002)) (copy of relevant pages attached), one of the leading textbooks in the field of 
molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 

attached), another well respected textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 

2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to study gene function in a 
mammalian organism . 

(preface)(emphasis added). 

According to Matise et al. (Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
study gene function in cell culture and in vivo , . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and study their function in vivo . 
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(p. 101)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding Rene 
function , as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 

In addition, commercial use and acceptance is an important indication that the utility of 
an invention has been recognized by one of skill in the art ("A patent system must be related to 
the world of commerce rather than to the realm of philosophy." Brenner v Manson, 383 U.S. 
519, 148 U.S.P.Q. 689, 696 (1966)). Commercial use of the knockout mice produced by 
Assignee Deltagen has been clearly established. The claimed mouse has been extensively 
analyzed using the tests set forth in the Examples. This data has been incorporated into 
Deltagen' s commercial database product, DeltaBase. This database has been subscribed to by at 
least three of the world's largest pharmaceutical companies, Merck, Pfizer and GSK. In 
addition, at least two (2) large pharmaceutical companies have ordered the presently claimed 
mouse . This acceptance more than satisfies the practical utility requirement of section 101 as it 
cannot be reasonably argued that a claimed invention, which is actually being used by 
those skilled in the art, has no *^real world^^ use , (see, for example, Phillips Petroleum Co. v. 
U.S. Steel Corp., 673 F. Supp. 1278, 6 U.S.P.Q.2d 1065, 1104 (D. Del. 1987), affd, 865 F.2d 
1247, 9 U.S.P.Q.2d 1461 (Fed. Cir. 1980)C'lack of practical utility cannot co-exist with 
infringement and commercial success); (Lipscomb's Walker on Patents, §5:17, p. 562 
(1984)("Utility may be evidenced by sales and commercial demand.") 

As evidence of such sales and purpose of such use, attached hereto is a Rule 132 
Declaration from Robert DriscolK Vice President of Intellectual Property & Legal Affairs of 
Assignee. Deltagen . 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility that is specific, substantial and 
credible, the invention has a well-established utility, thus satisfying the utility requirement of 
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section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed invention is useful for a particular purpose. The Applicant has 
demonstrated and disclosed specific phenotypes of the presently claimed mice. Utility of the 
claimed knockout mouse would be apparent to, and considered credible by, one of skill in the art, 
as the role of knockout mice in studying any of these conditions is both specific and substantial. 

The Examiner argues that the phenotypes do not correlate with a disease or disorder 
(page 6). The Examiner's arguments are similar to arguments made by the Patent Office with 
respect to pharmaceutical compounds the utility of which were based on murine model data, 
arguments which were dismissed by the Federal Circuit in In re Brana (34 U.S.P.Q.2d 
1436)(Fed. Cir. 1995). The case involved compounds that were disclosed to be effective as anti- 
tumor agents and had demonstrated activity against murine lymphocytic leukemias implanted in 
mice. The court ruled that the PTO had improperly rejected, for lack of utility, claims for 
pharmaceutical compounds used in cancer treatment in humans, since neither the nature of 
invention nor evidence proffered by the PTO would cause one of ordinary skill in art to 
reasonably doubt the asserted utility. 

The first basis for the Board's holding of lack of utility (the Board adopted the 
examiner's reasoning without any additional independent analysis) was that the specification 
failed to describe any specific disease against which the claimed compounds were useful, and 
therefore, absent undue experimentation, one of ordinary skill in the art was precluded from 
using the invention. {In re Brana at 1439-40). The Federal Circuit reasoned that the leukemia 
cell lines were originally derived from lymphocytic leukemias in mice and therefore represented 
actual specific lymphocytic tumors. The court concluded that the mouse tumor models 
represented a specific disease against which the claimed compounds were alleged to be effective. 
{In re Brana at 1440). 

The Board's second basis was that even if the specification did allege a specific use, the 
applicants failed to prove that the claimed compounds were useful. 

The Federal Circuit responded: "[A] specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of Section 112 unless there is 
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reason to doubt the objective truth of the statements contained therein which must be relied on 
for enabling support." (Brana at 1441, citing In re Marzocchi, 439 F,2d 220, 223, 169 USPQ 
367, 369 (CCPA 1971)). From this it followed that the PTO has the initial burden of 
challenging a presumptively correct assertion of utility in the disclosure. Only after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence sufficient to 
convince such a person of the invention's asserted utility. (Id.) 

The court held that the Patent Office had not met its burden. The references cited by the 
Board did not question the usefulness of any compound as an antitumor agent or provide any 
other evidence to cause one of skill in the art to question the asserted utility of applicants' 
compounds. Rather, the references merely discussed the therapeutic predictive value of in vivo 
murine tests - relevant only if the applicants were required to prove the ultimate value in 
humans of their asserted utility . The court did not find that the nature of the invention alone 
would cause one of skill in the art to reasonably doubt the asserted usefulness. The purpose of 
treating cancer with chemical compounds did not suggest an inherently unbelievable undertaking 
or involve implausible scientific principles . (M) 

The Court concluded that one skilled in the art would be without basis to reasonably 
doubt the asserted utility on its face. The PTO had not satisfied its initial burden. Accordingly, 
the applicants should not have been required to substantiate their presumptively correct 
disclosure to avoid a rejection under the first paragraph of Section 1 12. (Id) 

As in Brana, Applicant has asserted that the claimed invention is usefiil for a particular 
practical purpose, an assertion that would be considered credible by a person of ordinary skill in 
the art. As discussed above, the claimed mice have demonstrated specific phenotypes. The 
acceptance among those of skill in the art of knockout mice demonstrating such properties is 
clearly demonstrated. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 
those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 
that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 
knockout mice are recognized in the art as models for determining gene function, both in mice 
and in humans. According to Austin et al: 
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Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development body plan, 
physiology, behavior and diseases have much in common with those of humans : (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely, 
(p. 921)(emphasis added). 

In addition, as pointed out by Doetschman, one clearly skilled in the art, (Laboratory 

Animal Science 49:137-143, 137 (1999)(copy attached), the phenotypes observed in mice do 

correlate to gene function: 

The conclusions will be that the knockout phenotypes do. in fact, provide accurate 
information concerning gene function , that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 
(emphasis added). 

In Brana, the claimed compound had demonstrated activity against a murine tumor implanted in 
a mouse. Yet, the Federal Circuit found that utility had been demonstrated. Here, the invention 
relates to a disruption in a murine gene in a mouse. Like the tumor mouse model, the knockout 
mouse with a specific gene disrupted is a widely accepted model, the utility of which would be 
readily accepted in the art. It is submitted that one skilled in the art would be without basis to be 
reasonably doubt Applicant's asserted utility, and therefore the Examiner has not satisfied the 
initial burden. 

The Examiner alleges Applicant's asserted utilities are merely an invitation for further 
research. Applicant respectfully disagrees. 

First, it is wholly untrue that further research is required in order to confirm the utility of 
the claimed mouse in determining the function of melanocyte stimulating hormone receptor. The 
value of knockout mice in determining gene function is well established and accepted in the art. 
This is demonstrated by the references cited above. The Examiner has failed to provide 
sufficient factual support for the position that it is more likely than not that a person of skill in 
the art would doubt that Applicant's asserted utility is specific and substantial, which is the 
standard for establishing a prima facie case. See MPEP § 2107.02, IV. 

Second, Applicant is claiming a transgenic mouse, and not the melanocyte stimulating 
hormone receptor or nucleic acid sequence. The Examiner must differentiate between the utility 
of the transgenic mouse and the utility of the target gene. "The claimed invention is the focus of 
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the assessment of whether an applicant has satisfied the utility requirement." (MPEP 2107,02, 1) 

That the claimed transgenic mouse can be used in a research setting to further characterize the 

melanocyte stimulating hormone receptor gene does not mean that the mouse lacks patentable 

utility. Further characterization (involving "basic research") of the mouse itself is not necessary 

in order to confirm its utility in studying the function of the melanocyte stimulating hormone 

receptor gene. 

The section entitled "Substantial Utility" provides: 

A "substantial utility" defines a "real world" use. Utilities that 
require or constitute carrying out further research to identify or reasonably 
confirm a "real world" context of use are not substantial utilities. ... the 
following are examples of situations that require or constitute carrying out 
further research to identify or reasonably confirm a "real world" context of 
use and, therefore, do not define "substantial utilities": 

(A) Basic research such as studying the properties of the claimed 
product itself or the mechanisms in which the material is involved; 

Office personnel must be careful not to interpret the phrase 
"immediate benefit to the public" or similar formulations in other cases to 
mean that products or services based on the claimed invention must be 
"currently available" to the public in order to satisfy the utility 
requirement . See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 
USPQ 689, 695 (1966). Rather, any reasonable use that an applicant has 
identified for the invention that can be viewed as providing a public 
benefit should be accepted as sufficient at least with regard to defining 
a "substantial" utility . 

(MPEP § 2107.01 I)(emphasis added). 
The MPEP additionally provides: 

Office personnel must distinguish between inventions that have a 
specifically identified substantial utility and inventions whose asserted 
utility requires fiirther research to identify or reasonably confirm . Labels 
such as "research tool," "intermediate" or " for research purposes " are 
not helpful in determining if an applicant has identified a specific and 
substantial utility for the invention. 

(MPEP 2107.01,1) 

A use is not substantial where further research is required to identify miy use. This is not the 
case in the present application. Knockout mice have a well-known use in the study of gene 
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function. In the present case, the instant invention does not require further research to estabhsh a 
utility. AppHcant has determined that the melanocyte stimulating hormone receptor gene is 
associated with, for example, hypoactivity. No further research is required to estabhsh any use. 
Whether additional research is required to identify therapeutic agents targeting the melanocyte 
stimulating hormone receptor or its gene or to further characterize the function of melanocyte 
stimulating hormone receptor or its gene is irrelevant to whether the claimed invention has satisfied 
the utility requirement. 

The Examiner alleges In re Brana does not apply to the fact pattern of the instant application 
because the pharmaceutical compounds in Brana were found to have utility. As discussed above. 
Applicant submits that the legal principles as well as the facts of Brana are applicable to the present 
case. The Examiner's current position on utility is similar to the Patent Office's position that was 
struck down in In re Brana as discussed above. 

The Examiner alleges the claimed mouse is not enabled because the specification fails to 
correlate phenotype with a human disease or disorder. Applicant does not agree. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 
those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 
that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 
knockout mice are recognized in the art as models for determining gene function, both in mice 
and in humans. The Examiner's position is similar to the Patent Office's position that was struck 
down in In re Brana as discussed above. 

To meet the enablement requirement of 35 U.S.C. §112, first paragraph, a specification 
must contain a sufficient description to enable one skilled in the art to make and use the claimed 
invention. See, e.g., Chiron Corp. v. Genentech Inc., 363 F.3d 1247, 1253 (Fed. Cir. 2004); 
MPEP §2164.01 . The specification need not explicitly teach those in the art to make and use the 
invention; the requirement is satisfied if, given what they already know, the specification teaches 
those in the art enough that they can make and use the invention without "undue 
experimentation." Amgenlnc. v. Hoechst Marion Roussel, Inc, 314 F. 3d 1313, 1334, citing, 
GenentecK Inc. v. Novo Nordisk, A/S, 108 F.3d 1361, 1365 (Fed. Cir. 1997) and In re Vaeck, 947 
F.2d 488, 495 (Fed. Cir. 1991). Thus, a specification does not need to explicitly disclose every 
detail, and may omit what is well known in the art. In re Buchner, 929 F.2d 660, 661 (Fed. Cir. 
1991); MPEP 2164.01. 
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At the time of filing, it was well known that a-melanocyte stimulating hormone (a-MSH) 
and its receptors, including melanocyte stimulating hormone receptor (MSH-R) (also known as 
melanocortin (MC) receptor- 1 or MC-IR), are involved in the autocrine regulation of 
inflammation. See Taherzadeh et al (1999, Am, 1 Physiol, 276: R1289-R1294); see, also. Star 
et al (1995, Proc. Natl Acad. ScL USA, 92: 8016-8020). a-MSH functions via its receptors, 
including MSH-R, to modulate inflammatory nitric oxide, neopterin, and tumor necrosis factor 
(TNF)-a in monocytes/macrophages. As such, a person of skill in the art would recognize that 
the claimed mouse could be used to study the inflammatory process in macrophages mediated by 
nitric oxide, neopterin, and/or TNF-a. Inflammation causes or is part of the pathogenesis of a 
myriad of conditions. One example of a chronic inflammatory disease modulated by 
macrophage production of neopterin is Wegener's Granulomatosis. See Kobold et al (1999, 
Ann. Rheum, Dis., 58: 237-245). For at least this reason, the type of disease that the claimed 
invention could represent was well known. As such, the instant specification in combination 
with what is well known in the art provides an enabling disclsure. 

In view of the foregoing. Applicants request reconsideration and withdrawal of the 
rejections of claims 30, 32, and 33 under 35 U.S.C. §112, first paragraph. 
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CONCLUSION 



In view of the foregoing, the Applicants believe that the claims are in condition for 
allowance and such action is respectfully requested. If the Examiner believes a telephone 
conference would advance the prosecution of this application, the Examiner is invited to 
telephone the undersigned at the below-listed telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 502775. 



Respectfully submitted, 



Date 
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Greenberg Traurig LLP 
1200 17* Street, Suite 2400 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animaPs relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
ftinction of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 
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developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 

Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Dovm syndrome results from an extra copy of 
chromosome 21, an abnormality knovm as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also knovm as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Cp/^', Lep/^ and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 
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three months of birth (even on a low-fat diet) are characteristics of several experimental models for 
human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-091 1 
Last Reviewed: September 2004 
O Top of page 
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The Knockout Mouse Project 

Mouse knockout technology provides a powerful means of elucidating gene function in ¥i\fo, and a publtely available 
genome-wide collection of mouse knockouts would be significantly enabling for bton>edical discov^. To date, published 
knockouts exist for only about 10% of mouse genes. Furthemoore, many of these are limited In utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It is tinre to harness 
new technologies and efficiencies of production to mount a high-throughput international effort to produce and 
phenotype knockouts for all mouse genes, and place these resources into the public domain. 



Now that the human and mdus»; genome 
sequences are known attention has turn«d 
to elucidating gene function and identifying 
gene pro<3uctA llwt mi^U have thtrapcxitic 
value. The laboratory mouse (Mus itiuutdm) 
hai had a prominent role in the study of 
human disease median iixns throughout the 
rich , 1 00-ycar history of daiLsica] mouse genet- 
ics, exemplified by the lessons learned from 
naluraUy occurring mutants such as agouti*, 
rcder* and obese^. The large-scale production 
and analysis of induced genetic mutations in 
vs-wms, flies, tArafish and mice have greatly 
accelerated the understanding of ^nc function 
in these organisnti.. Among the mode! organ- 
isms, the mome offers particular advantages 
for the study of human biology and dlsrase: (i ) 
the mouse is a mammal, and its development, 
body plan, physiology, behavior and diseases 
have much in common with those of humans; 
(ii) ahnost all (99%) mouse genes have 
homologs in humam; and (iii) the mcvusc 
genome supporu targeted mutagciwsis in spe- 
cific genes by homologous recombinaiion in 
enibr>iomc stem (ES) cells, allowing genes to be 
attertrde^iCMmllyand precisely. 

The ability to disrupt, or knock out, a spe- 
cific gene in ES cells and mice wis developed 
in the late 1 980s ( ref. 7), and the use of knock- 
out mice has led to many insists into human 
biology and disease'*"". Current technology 
also permits insertion of 'reporter ' genes into 
the knocked -out genc^ which can then be 
used to detetminc the temporal and spatial 



The Comprehemnr Knockout Mouse 
Project Comortiuttt* 
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expres^on pattern of the knocked-out gene in 
mouse tissues. Such marking of cells by a 
reporter gene fadlitateii the identification of 
new cell types according to their gene expres- 
sion patter m and allows further characteriza- 
tion of marked tiisues and iingle cells. 

Appreciation of the power of mouse genet- 
ia to inform the study of mammalian physi- 
ology and disease, coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated alleles, has catalyzed pub- 
lic and pri\-ate sector initiatives to produce 
mouse mutants on a large scale, with the goal 
of eventually knocking out a substantial por- 
tion of the mouse genome'^* Urge-scale, 
publicly funded gene- trap program* have 
been initiated in seven! count riest with the 
International Gene Trap Consortium coordi- 
nating certain efforts and resources'*"". 

Despite these elforis, the total number of 
knockout mice described in the literature is 
rHativHdy modest* corresponding to only - 1 0% 
of the -25.000 mouse genes. The curated 
Mouse Knockout & Mutation Database lists 
2,669 unique genes (C Rathbone, personal 
communication), ilie curated Mouse Gemime 
Daubase lists 2,S47 unique genes, and an 
anal)'sis at Lexicon Genetia identified 2,492 
unique genes {U.Z, unpublished data). Most 
of these knockouts are not reatiily available to 
scientisu who may want to use Uicm in their 
research; for example, only 415 unique genes 
are represented as targeted mutations in the 
lackson Laboratory's Induced Mutant 
Resource database (S. Rockwood> personal 
communication). 

The converging interests of multiple mem* 
bers of the genomics community led to a meet- 
ing to discuss the advisability and feasibility of 



a dedicated projca to produce knockout aQeles 
for all mouse gcn« and place them into the 
public domain. The meeting took place from 
30 September to I October 2003 at the 
Banbury Conference Center at Cold Spring 
Harbor Laboratory. The attendees of the meet- 
ing are the authors of this paper. 

Is a systematic project warranted? 

A coordinated project to systematically knock 
out all tnouse genes is likdy to be of enormous 
benefit to the research community, given the 
demonsuated power ofknockout tnice to etud- 
date gciie fuitcliont the frequency of unpre* 
dieted phenotypes in kiiockout mice, the 
potential economics of scale in an organked 
and care<uil>' planned project* and the high cost 
and lack of availability of knockout mice bang 
made in current efforts. Moreover, implement- 
ing such a systematic and comprehensive plan 
will grcady accelerate the translation of genome 
sequences into biological insights. Knockout ES 
ccUs and mice currcnUy a^^bble from the pub- 
lic and private sectors should be incorporated 
into the genome-wide initiative as much as 
possible, although some may be need to be pro- 
duced again if ihey were nwdc with suboptinxal 
methods (c^., not induding a marker) or if 
their use is restricted by intellccntal jMXjperty or 
other constraints. The advantages of such a sys- 
tematic and ctKMxlinated effort tndude efHctent 
production with reduced costs; uniform use of 
knockout methods, allowing lor more compa- 
rability between knockout mice; and ready 
aoceja to mice, their derivatives and data to all 
researchers without encumbrance. Solutions to 
the logistical, organizational and informatics 
issties associated with producing, charaaeriz- 
ir^ and disuibuting such a large number of 
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Hiurt 1 Structure o< resource producton In Uw fnvposed KOMP. U»ng th« mousQ genome sflQuence 
as 3 foundation. tuKK:V;(»jt alleles in ES ceHs wtl be pn»hjce<l for all genes. A subset of CS cell 
knxk<yuts will be useO each yeer to produce Rrtocliout mice, cetermir^ tne exfs'esston pattern of the 
targeted gene in a variety of ttssues artd carry out screentng-feveJ (Tier 1 ) ptwnatyptng. In a subset of 
mouse Itres. transcriptofne ajialysts and more detailed system-speciific (Tier Z) phenotyping will be 
done. Rnally. specialized phenotyping witi be done on a »nalter number oi mouse lines with 
panicularty interesting pheiwtyoes. All stages will occur within the purview of the KOMP except for the 
specialized phenotyplng, which ml! occur in individual laboratories with particutar expertise. 



mice will draw from the experience of related 
projects in the priva^ sector and in acadcmia, 
which h3\« made or phctiotypcd hundreds of 
knockout mice using a variety of techniques. 
Lessons learned from these pnijects include the 
need for redundancy at each step to mitigate 
pipcUne bottlenecks and the need for robust 
informatics systems to track the production^ 
analysis, maititcn^ce and distribution of thou- 
sands of targeting constructs^ ES cells and mice. 

NulUreporter alleles should he created 
The proiect should generate alleles that arc 
as uniform as possible^ to allow efficient pro- 
duction and comparison of mouse phcno- 
types. The alleles should achieve a balance of 
utility, flexibility, throughput and cast A 
null allele is an indispensable starting point 
fur studying the function of rvrry gene. 
Inserting a reporter gene (e.g., p-gaiactosi- 
dase or green fluorescent protein) allows a 
rapid assessment of which cell types nor- 
mally support the expression of that gene. 
Therefore, we propose to produce a null- 
reporter attele for each gene. Making each 
mutation conditional in nsiturc by adding 
cw- elements (e.^.» hxP or FRT iite*) would 



be desirable, but we do not advocate this as 
part of the mutagenesis strategy unless the 
technological limitations currently associ- 
ated with pncratln^ conditional targeted 
mutations on a lai^e scale and in a cost- 
effective manner can be overcome. 

A comJbination of meOtods should be used 
Various methods can be used to create 
mutated alleles, including gene targeting^ 
gene trapping and RMA interference. 
Advantages of conventiotial gene targeting 
include (lexibntty in design of alleles, lack of 
limitation to integration hot spots, reliability 
for producing complete losj-of-funclion alle- 
les, ability to produce reporter knock- ins and 
conditional alleles, and ability to target splice 
variants and alter naliw promoters, BAO 
bascd targeting has the potential advantages 
of higher recombination efficiencies and flei- 
ibtlity for producing complex mutated alle- 
les". Gene trapping is rapid, is cost-cfFcciivc 
and produces a large variety of Inscrtional 
mutations throughout the genome but can be 
somewhat less flexible"■**-^^ There is uncer- 
tainty rcigarding the percentage of gene traps 
that produce a true null allele and the fraction 



of the genome that can ultimately be covered 
by gene- 1 rap muutions. Trapping Is not 
entirely random but shows preference for 
larger transcription units and genes more 
highly expressed in ES cells. In recent itudies, 
gene trapping was estimated to potentially 
produce null aUel« for 50-60% of all genes, 
perhaps more if a variety of gene- trap vectors 
with different insertion characteri^ics is 
used'^"^'. RNA inieiference offers enormous 
promise for analysis of gene function in 
mice^ but is not yet suflicienily developed for 
large-scale production of gene modificadons 
capable of reliably producing true null alleles. 
Both gcnc-targcting and gene- trapping meth- 
ods are suitable for producing Large numbers 
of knockout alleles and, given their comple- 
meutary advont^es, a combination of these 
methods should be used to produce the 
genome-wide collection of null-reporter alle- 
les most efficiently. 

What should the deliverables be? 

A genome- wide knockout mouse project 
could deliver to the research community a 
trove of valuable reagents and data, including 
targeting and trapping coiutrucu and vec- 
tors, mutant ES cell lines, live mice, froren 
sperm, frozen embryos, phenotypic data at a 
variety of levels and detail, and a database 
with data visual ixation and mining tooU. At a 
minimum, we believe that a comprehensive 
genome- wide resource of mutant ES cell lines 
from an inbred strain, each with a diCferent 
gene knocked out. should be produced and 
nruute available to the community. Choosing 
an inbred line <129/SvEvTac or C57BL/6I), 
and evaluatit^g the alternative of using ES 
cells and tetraptoid aggregation to provide 
potential time savings, n^rits additional sci- 
entific re\'iew and discussion^-^. ES cells 
should be con^vricd into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scientific community to ana- 
lyze them. Although the value and co*l*efTec- 
livcness of systematically characterizing the 
mice is a matter of debate, a limited set of 
bioad and cost-effective screens, probably 
including assessment of developmental 
lethality, physical e.utninaiion. basic blood 
tests, and histochcmical analysis of reporter 
getie expression, would be useful. More 
detailed phenoiyping. based on fmdings 
from the ir^ttial screen or ousting knowledge 
of the gerie's function, could be done at spe- 
cialized centers, All HS cell clones and mice 
(as froEcn embryos or sperm) should be 
available to any researcher at minimal cost, 
and all mouse phenotyplng and reporter 
expression data should be deposited into a 
public database. 
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In determining how to impkment the pro- 
}ect, utility to the research community should 
be the s^iaudard for judging value. Bach step 
after ES ceU generation (c.^., mouse creation, 
breeding, expression aru!)^ii, phenot^-ping) 
lA-iU niaktr Uic resource useftil to more 
researches but will ako increase cosU and sci- 
entific complexity. We therefore adt-ocate a 
'pyramid' structure fm the project (Fig. 1). Al 
the base of the pyramid is the genome- wide 
collection of mutant ES cell* for every mmisc 
gene. Over time, a subset of these mutant BS 
celts sJtould be made into mice and diaracter- 
ixed with An initial phenotype screen <Tier 1; 
Fig. 0 and analysis of tissue reporter-gene 
expression, A «ub«et of these lines should be 
profited hy microarray anal>T:is. and a subset of 
these pro6icd by system-spedfic (Tier 2) phe- 
notyping, based on the results of the *fief 1 
phcnotyping. array studies, existing knowl- 
edge of the gene's fuiullion and the gene's li&sue 
eicpre^ion pattern. With vimt, the upper tiers 
of the pyramid will be filled out, e\Tntuaily 
transforming the pyramid into a cube, with 
information of all types available for aU genes. 

This project will require the resolution of 
numinous tnteUectual property daims involv- 
ing the production and use of knockout mice. 
To deal v^tth the existing patents that cover 
the technologies and processes involved in the 
prodaction of mutant mice, we suggest dial a 
'patent poor* such as that used in the semi- 
conductor lndustry^^ should be gwieratcd 
Several individuals who represent entiric:^ that 
control patents on mouse knoclu>ut tcchnolo- 
gi« are authors on this pap«r, and they agree 
witti this approach. We also agree that aiiy 
mutant ES celts or mice produced sliould be 
placed immediately in the public domain. 

Mechanisms and costs 

ES cell production. Automated knockout 
construa and ES cell produaion should be 
carried out in coordinawd centers to ensure 
eflSctency and imiformity. We estimate that 
most known mouse genes cotdd be knocked 
out in ES cells within 5 >'C4ifs, using it combina- 
tion of gene -trapping and gene- toileting tecli- 
niqucs. Gene trapping can produce a large 
number of mutated alleles quickly, but its 
progress should be monitored closely to deter- 
mine when itc yield of new genes diminishes^ ^ 
artd» therefore when targeting ^ould be 
inaeasingl)' relied on. As large-scale trapping 
projects have already defined gene dasSes that 
probably cannot be knocked out by trapping 
(e./., stnglc-cxon CPCRs, genes thai *re not 
cXprejkKd in ES ccHs), we propose that target- 
ing b<^ia on those dasses immcdiatdy. All ES 
cells should be made available to the research 
community, because this collection iudf 



would be a valuable resource- FJfort* in the 
public and private sectors hav* already 
knocked out man>' genes in F5 cdls, and^ to the 
degree that the alleles produced 6t the pre- 
scribed characteristics (i.c.. nuU alleiejs with a 
reporter) and are available^ every effort should 
t«: made to incorporate theje into the planned 
public resource. Costs for generating this part 
of the resource were estimated at between 
$9-1 1 million/year for fivT years (these and all 
subsequent figures arc direct cosis). 

Mouse production. The subset of ES cells 
made into mice each year should be chosen by 
a peer-review process. Central facilities for 
high -efficiency mouse production, genotyp- 
ing, breeding, maintenance and archiving 
should he funded* to take advantage of ef!i- 
denefej! of scale in mouse creation and distri- 
bution. RcseaKhers could apply to produce 
groups of mice outside the centers, as long as 
they meet the cost specifications of the pro' 
gram. AU mice should be made available 
immediately to researchers as froten cmbr)^s 
or ^^jwm, for nominal distribution cost. An 
initial target of SOO nevi' mouse lines per year 
would douHe the current rate at which new 
genes are knodced out in the public sector; we 
feel that this rate is within the capadty of the 
biomedical research community worldwide 
to absorb and anal>'2e. We estimated the ini- 
tial cost of this level of mouse produaion lo 
be $U. 5» 1 S million per year. 

Reporter tissue expression analysis* 
Appnadmatcly 30 tissues from adult and 
dcvd<^mental sta^ should be sair^lcd to 
cover the main organ systems. Anal)*sis meth- 
ods shmild be customized to the organ system 
and marker, and a searchable database of the 
siUrs of gene expression, and the images show- 
ing them, should be produced Centers to 
carry out these anal>*ses and data curat! on 
should be selected by peer review. We e^- 
mated the cost of this wjmponent for 500 
mouse lines to be S2.5~S million per year, 
depending on how mudi tissue sectioning and 
<:eli-le\'d analysts is done. 

Phmotypin^ Tier I phenoiyping should 
be a low-cofil screen for clear pbenotypes and 
should be done on all mouse line* produced. 
Tier I ^ouldindude home- cage observation^ 
physical examination, blood hcmatok>gical 
and chemistry profiles, and skeletal radi- 
ograph*. The centers produdng the mice 
should carry out the Tier I analyses, at an esti* 
mated cost of $2.5 nullion per year for 500 
lines, Selected lines, chosen on the basis of 
findings from Tier I phenotyping, ttsarue 
expression patterns, microarray dam and the 
sdentific literature, should undergo more 
detailed and 5>TUcm- focused Tier 2 phenotyp- 
ing. Tier 1 phenotyping should be done in 



specialized phenotyping centers, akin to diose 
already in operation for phenotyping of mice 
produced by ENU mutagenesis. All Tier I and 
Tier 2 phenotyping shouW be done on a uni* 
form genetic background by dedicated groups 
of indifviduaU in single locations to facilitate 
consistency and aoss-compaiison of results 
among different mouse lines* All Tier 1 and 
'Her 2 phenotyping results ^ould be 
deposited into a central project database freely 
accessible to the research community. More 
detailed and specialtaxd phenotyping could be 
done by indrviduai researchers in thdr own 
laboratories; deposition of this more detailed 
phenotypc data would be encouraged. 

Transcriptome analysis. Transcriptomc 
profiliiig of tissues from each knockout tine, 
collected in a uniform way across aP mice and 
tissues and placed into a searchable relational 
database, would add substanliaity to the sci* 
entific value of the project, though it would 
also add considerably to its cost. 
TVanscriptome analysis should ihcrcfore be 
done on a subset of mice, chos<m by peer 
review. We estimate that, with the best cur- 
rently available array technology, an analysis 
of ten tissues would cost -$ 18^000 per line. 

ConcEusions 

This project, tentativdy named the Knockout 
Mouse Project {KOMP^, vfitl bea cruda^ step 
in harnessing the power of the genome to 
drive biomedical discovery. 8y creating a 
publicly available resource of knockout mice 
and phcnotypic data, KOMP will knock 
down barriers for biologists to use mouse 
genetics in thdr research. The sdcntiftc con- 
sensus that we achieved — that a dedicated 
project should be undertaken to produce 
mutant mice for all genes and place them 
into the public domain— important but h 
only the beginning. Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
induding those responsible for program- 
matic direction and financial support of bio- 
medical rescardi In the public and private 
sectors. This ambitious and historic initiative 
must be carried out as ^ collaborative effort 
of the worldwide sdentific communityt so 
that all can contribute thdr skills, and all can 
benefit. International discussions among sd- 
entific and programmatic staffs since the 
Banbury meeting at Cold Spring Harbor, in 
both the public and private sectors^ have 
shown that there is great enthusiasm and 
commitment to this vision. The next step for 
KOMP vdll be to move this visionary plan 
from conceptual i^ation to implemenution. 
with an urgency befitting the benefits it will 
bring to sdencc and medicine. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thofna^H Doetschman 

Bmihgt-ound and Purpose: In mice, genetic engineeriiig Involves two general approaches— addition of an ex- 
ogenous gene, resulii ng m transgenic mice, and use of knockout mice, which havo a targeted mtitation of an 
endogenous gene. The advantages of these approaches is that questions can he asked about the function of a 
particular gene in a living mammalian organism, taking into account interactions among cellis, tissues, and 
organs under normal, disease, injury, and stre^ si tuations. 

Meth<uU: Review of the literature concent rating principaUy on knockout mice and quesiionB of unexpected 
phenotypes, lack of phenotype. redandancy, and e^ect of genetic background on phenotype will he discussed. 

Conclusion: There is little gene redundancy in mammals; knockout phenotypes exist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes, but also may lead to bettor understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to di^overy of modi^er geite(s). 

to date been successfal only in mice, even though embi^oni* 
stem (ES) cells have been produced from several other spe 
cies, including liamsier (7), mt iS), rabbit (9, 10), pig (11-13) 
b(nane (14, 15), and zebrafish {16). ConBe<ruentiy, the entire 
discuasitm will be focused on mice. 

Knockout mice are generated by the iiyection of geneti 
caliy engine<?red or g©ne4ar^eted ES cells into a mouse bias 
tocyst to generate a chimeric em^bryo, which in turn can pas.* 
on the engineered gene to its offspring. ES cell lines are es 
tablished from the inner cell mass of a m^use bliistocyst, si 
that wh*in injected into blastocysts, the ES cells can incor 
porate into the inner cell mass of the redpicnt blastocysts 
therxsby chiTneriising them. Subsequent to transfer of the chi 
meric b1ast(K:ysts into uteri of pseudopregnaiit mice, chi 
meric mice are horn. If the germ line of a chimcnc mouse ii 
colonized i^' cells derived from the injected ES oells, the chi 
mera 18 termed a **geniiline'' chimera. Some of tl^e offspring 
of the germline chimeras will tlien carry the engineeret 
gene in their genomes. Gene targeting in ES cells uses thi 
ES cells.* DNA repair apparatus to bring about homologouj 
recombination between an exoganous DNA fragment trans 
fected into the E-S cell and its homologous region in the ge 
noroe. Homologous recombination usually results u 
replacement of the endogenous region with tiie exogenous 
fragment, thereby alteriag the endogenous gene in j 
prespecified mannen There are many variations on this pro 
cedure by which genes can be altered not only to ablate fimc 
tion, but also to make more subtle mutations (17-19). Sucl 
procedures can be used to introduce point mutations, re 
move specific splicing products, s^vitch isoforms, and human 
ize genes. In addition^ technologs' has recently beei 

IS*; 



Om ollen hears the comment that genetically angineared 
mice, especially knockout mice, ana not useful because they 
frequently do not yield the expected pheno^pe, or they dont 
seem to have any phenotype. These expectations are often 
based on }maxs of work, and ix\ some instances, thousands of 
publications of moii^tly m vitro studies. Examples of une^c- 
pecfced phenotypes, based largely on experience with trarLS* 
forming growth factor beta {Tgfh) and basic fibroblast 
growth factor Imockout and transgenic miee» will be 

preserited to discuss possible reasons for unejcpected Imock- 
out phenotypes. The conclubions will he that the knockout 
phenotypes do^ in fact, provide accurate information con- 
cerning gene function, that we should let the unexpected 
phenotypes lead us to the spediiC cell, tissue, organ culture, 
and whole animal experiment that are relevant to the fumc- 
tion of the gQnm in question, and that the absence of phmo* 
type indicates that we have nob discovered where or how to 
look for a phenotjtpe. 

Before euteri ng into how one should interpret unexi>ected 
knockout phenotj'pes and how one should deal with lack of 
Imockout phenotypes, it is necess^ary to give a brief inferodac- 
tion into how knockout mic^ arc made. For detailed inform a- 
tion, tlte follo\nng re™ws are suggested (1-4). IVansgemc 
technology has had a long history; thus, an introduction to 
that technology will not be given here. Rather, the following 
reviews are suggested (5, 6). At this juncture, it should foe 
noted that, although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology hm 

Dcfjart mciil of Mttkcuiar Genstica, Bicchomirtry oad Micro^blw, tJni- 
veraity Cincinnati Collage of Medidno, CirtdnnaM, Ohio 
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developed to make conditioTial aii<i inducibSe knockouts in 
which gene function is ablated eiUier in a deveiopmentally 
spmfied tis8ae(20-22i or in an inducible manner (23-26). 
These techniques, tough exci ting, will not he tether dis- 
cussed. 

Extensive noaredundancy in the TCl^ famOy: Scv« 
emi ttiouLsaiid cell culture studies on the three mammalian 
transforming growth factor beta prafceins (TGFps 1, 2. and 3) 
have implicated theso growth and differentiation factors in 
the- function of nearly every cell type studied. Expression 
attidies indicated unique and overkppin|r expression oftlie 
three TCF^ [27, 2S). For exampltJ, overlapping protein locai- 
i-^ation was fovmd iii all gu t epiHieMa, all layers of the skin, all 
three mivicU types, Hdmy t-ubuiea, lung bl^o^cH cartilage, and 
bon^ (Table 1). Tt^ther ^vrith tSie fad: that all three TGFps sig- 
nal through a common TGF typc^II r^cept«r (Figure 1), m^m 
data strongly suggest considerable redundancy in function. 
Consequently, il is suiprising that, of die >S0 pheuatyp^ of th6 
three Ife/b knockiOut mice that v^c have deserihed (29«^1), none 
appear to be m-erlapping (Table 2h lli^sa i-esul^ indicate ex- 
tensive nonredundimcy betweea TGFp iigauds even thaugJt 
a\etc is considerable ov^kp m expression. Of course, these re- 
suits do not rule out iXw pa^Tjilitj' of some ne^undaticy in some 
tissues. Gombinatloii of the Ugaad Imockouts would uncover 
sudi sltuationa, and it is likely that a lew wiO exist, but 30 non- 
overlapping phenotypes for three Ugands stroagly suggests 
that a vast number of their functions ai'c not redundant 

There ai^ several possible explanations for how thei'e can 
be so much overlap in ligand expression and yet so much 
specific ligand lunciion. First. TGB^s are seci*eted as latent 
peptides and mu^t be activated before tliey can bind recep- 
tors (32-35). The mechanism by which this extracellular 
prootsasiag occmu is not well understood and may be differ- 
eat for each TGFp. Hence, Ugand piuc^sing presumably de- 
termines some functional specificity for Uie three TGF^, 
Second, tere is a third tyiMi of TGFp receptor, TGB^R3. that 
can interact ^nth lipmd and receptor types I and II before 
cytoplasmic siinaling can occur, though involvement of 
TGF(aR3 is not essential for signaling {36-3S). Association 
with type Ul receptors i^ tiiou^t bo enhance some TGFpRl 
and 2/ltgand interactions. Upon ligand binding, the serine/ 
threonine receptor TGFpR2 then associates with and phos- 
phorylates the transmembrane serina^threonine receptor 
TGFPEI, which in turn initiateB a phosphorylation-med*- 
ated signaling cascade. Hence, corabirui^^nal receptor^igand 
iat^ractions ^viIl also determine functional specificity. Third, 
signaling from TGFpRl can occur tlOTugh twp cytoplasmic 
Bignaling proteins called SUAD2 and 3 (39, 40) and, per- 
haps, through a third called SMAD5 (41), In addition, 
SMAD6 and 7 can ato interact with tlie other SMADs to in- 
kibit signaling Hent^. differential S^'EAD protein 

interactions with transcriptional machinery will probably 
also determine fiutctLonal specifteity for the three TGFp 
MpmdB Finally, there may be se%'eral non-tinnscriptional 
signaling pathways for TGFps. For example, we have found 
that TGFpi-deficient platelets from Tgfbl kjiockout auce 
have impaired platelet aggregation that cax^ be reafe<ired by 
incubating isolated platelets with recombinant TCF[il (un- 
published observations). Because platelets do not have a 



Table 1. Frntein ^^iptm&mn t^f U-aaafofmin^ ^flrwth factar buta (TC|fpf 
1,2. and 3 , 



TGFp2 
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Pulp ^ 
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SmttotVi muscio ^ 
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++ 
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Thft poiyclonai antihtrfies used wemsiJeeific for residues 4-19 ofTOFjil 
aud 2 Bid residues 9-20 otTGF^. The avidm.bimin sysUm ^'fg^^^ 
for strtirtiag. Data obiained from immMtwhlstothemicnl study of Peltott 

1105. by cPFyright pormUistiir. of The R«K:tc6f£!ller University Press. 

nuelGus, there must exist a signaling pathway that is 
aontranscnptionah In summary, given the comple?dties of 
ligand prtKse&siiig, receptor interactions, and sigruiUng path- 
ways, it becomes clear why redundancy in TGF1» 2, and 3 
function has not been detected at the whole animal level, 
even though there ii^ eonsiderable overlap in expression of 
gene family members. Consequently if other gene fami- 
lies function with similar complexity, it ts likely that, in the 
final analysis, little functional redundancy will be found 
within gene famiHes. 

Two striking examples of apparent ilmcdonal redundancy 
are worth cotisidering. The first involves myogenic genes, 
and the second involves retinoic acid receptors. ContraT:y to 
early interpretations, redundancy does not now appear to be 
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Active TGFp 



CYTOPLASM 




Rin 



Latent TGFp 




-RAS ->MAPKs 



N^UCLEUS 




/%^^^^tAtK Additional Transcription 
W^^^kpf Factor Targets 



Extracellular Matrix Genes 
Cell Cycle Genes 
Differentiation Genes 
GroM th Factor Receptor Genes 

Figure 3. TGFp ling pathway. The TGFp ligandB, TGF^l (^l), TQF02 <fi2), and TOFp3 Cp3), exist prtmarily ift a latent fonji in vivo 
nnd are activated by mechanisTus not yet clear. In ^eneml, TGFp2 internets witli a TGF|5 type HI receptor (Rni) before interaction with 
TGFp trpe IT CRII) and TOFp type I (RI) receptors; whereas, the TGFpi and TGFp3 iigands can interact; directly with the type 11 receptor. 
The Hgand recaptor cnmplexp^ can then associate with several cytdplasmid molecules, famt>syl protein traasferaso (FPT) and FK506 
binding protejn-12 (FKBP-12), being two potential examples. The reccptor-Ugand comp!<j3£ signals to the nucleus through tkreomne/ 
^rine phogphnn^latiqn of a gerieH of SMAD prat^ns (related to tli« Draaophila ''mothGrs against docn{Mmtap!e^r protein) which then 
elicit tran,^csptlonal regulation of cxtacellular mati-ix, cell cycle, dififercntiaiion and gro-wth factor receptor gents. The rctltjs of the asfsoci- 
ntRd cytoplnamic moloculfvs FPT aad Fra?-12 are not clear but are thought to involve RAS paUivvoy signaling md modulatdon of signal- 
ing through th« SMAD proteins. 



Uie case for two of the myogenk genes knov/n to he essential 
for spe<:irication of vei-tebrate skeletal muscle, Myod and 
Myfo. Eveji though the iitdividuai knockouts have muscle. 
iml only t;ha oombinetl knockouts do mi have muacle (45), it 
is now clear that each gene functions in the specification of 
distinct muscle cell lineage*. Cor^equeatly, in the abs&nce of 
one Bonree of muscle cells, the other source may compensate 
for Uiat 4?). This should be termed deveiopmental com- 
pensatioHj rather than gene redundancy. On the other hand, 
with respect to retiitoic acid receptors, there iB also good evi- 
dence for functional redundancy. Similar to the axyogeuic 
genes, retinoic acid receptor ^ene knockout mice have few 
pbenotypea, whermis ilte combined knockouts have inariy 
phenotypes (4B, 49). Whether this turns out to be gene re- 
dundancy or another case of developmental compensation 
remains to be detertnuied. 



Lack of phenotype: As is the case for TGFp, there also is 
a multitude of reports indicating tliat tlie F GFs 1 and 2 liave 
important roles in nnmerotus cell iypeB and tissues. Cotise- 
quently, when the Fg/2 gene was knocked out by gene tar- 
geting, it was quite surprising that there waa no obvious 
phenotj^e (50). The Fgf^^^ ammak live a lon^, healtliy life, 
and fertility and fecundity are normal. Even the pituitary 
gland, which is tlie best source of FGF2, appears not to have 
morpholo^c defects. Tlie only evidence for any development 
tal abnormalities is found in hematopoiesia (50), where 
blood platelet oountB are higlit and in the cerebral cortex (51, 
52), where oiorphometrie andy^ta reveak decreaBcd cell 
density. Clearly^ these abuormalitiGS are minor, compared 
with esqsectations. This was all the more eWdent because our 
transgenic niic5e, in which the human FGF2 gene was ubiq- 
uitously overexpres5Jed by the phosphoglycerate Icinase pro- 
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and the ptiiiefaranCfi of those pnenotypMH 



PencCrante ^^l" 



Embryo lethalities 
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TsWp 5 fftr backKrfluitd dependency ^^fTsfhl koocfcmt phuitotypca. 
'Bcscribtid m references 64, 67. , . ^ „*„k[-th 

■Kcfure to percentage penetrancn among onimals thot eurvive birm. 

DetniU on the n.mainmB pKanocypcs can b« found m the U^t and n\ r^f- 
ei^nces 25^-81, 63. 

ittoter (Sri), had very shortlcgs, suggesting m important rote 
of FOF^ in bone development, yet the bones of the Imockout 
animals were normal This apparent discrepancy b^tw^n 
tlie transgenic and knockout mice indicates that some other 
FGF signab through the same FGF receptor as does FC7F2, 
and that this other FGF is the true Ugand thflt is important 
in hone developmeiit. Another p€^>sihiUty is that there is "de- 
velopmental compensation*" by alternative mechanisms. la 
other words, tlic absence of FGF2 may cause developmental 
abnormalitiBS during bone development thtit are then com- 
pensated for by another developmental paUiway. This alier* 
native would not necessarily require a different FGF in be 

**Tac^/we hud made our first analysis of^eFgf^ knockout 
mouse and did not fmd an ob\ious phenotype, it was easy to 
explain the "lack of phenotype^ by invoking redundancy be- 
cause there are at least 18 known Fgf gems. Bui in hind- 
sight, it liow appears more likely that all members of this 
large gtjnc family liave specific funcUons, even though they 



signal through receptors encoded by only four i-cccptor genes 
(54) In fgf2 knockout mice, evidence was not found for up- 
regulation of the tv/o ligands most atructuraily related to 
FGF2 namely. FGFs 1 and 5 (50). Also, genetic combination 
of Fg[2 and FgfS (50) did not reveal redundancy between 
these similar genes. In addition, further analysis of the 
mice revealed roles being played in hematopoiesis and 
vascular tone control (150) as well as in brain development 
and wound healing (51, 52). Finally, in addition to Fgf2, 
Fgfs 3-5 7. 8 also have been ablated by gene targeting, re- 
vealing functions in proliferation of the inner cell mass 
iFgf4) <5S)i gastrulation and cardiac, craniofacial, fore- 
brain, midbrain, and cerebellar development (F^/S) (56); 
brain and inner ear development {Fgft) (57. 5S); and two 
aspects of hair de^-elopment (Fj^/B and 7) (59, 60). 'Ih date 
comparison of F^f knockout phenotypes from 6 of the 18 
Fgf gene$ has not turned up overlap except possibly m the 
cerebellum- Tbgethcr, thene results indicate that each 
gene has important unique functions. Although a few re- 
dundant functions may eventually be found on combma* 
tion otFgf2 with all other F^A except F^/5, it clear that 
5 of the 18 F^/" genes stvidied by gene targeting have been 
associated with essentially unique knockout phenotypes. 

lb summai'ize, wliat originally appeai-ed as "lack of phcmo- 
tj-pe'led many of us to the premature conclusion that other 
FGFs must have functions redundant to tho^e of FGF2. 
However, further aniilysis of Fg/2 knockout mice has since 
revealed a wealth of unique functions ran^o^ from thix)mb- 
ocytosis and vascular tone control (50) to brain development 
and wound healing (51, 52). It is my expectation that f irther 
physiologic analysis of the Fgf2 knc>ckout mouse .^nll reveal 
functions in the hypertrophic response to hypertension and 
responses to ischemia/reperfusion iiyury and bono mjury ^ 
Uie final analysis, it is hkely that the major rolfes of FGF2 
may have less to do with getting us to birth than with keep- 
ing us aUve after birth, whereas several other FGFs clearly 
have developmental roles. 

Effects of genetic background on phenotypic varia- 
tion: From 100 years of mouse genetics, it has become clear 
that genetic backgrt)und plays an important role in the sus- 
ceptibility of mice to many disonlers. Therefore, the pheno- 
types of knockout mouse strains will also have genetic 
background dependencies, as was first documented by the 
Magnuson and Wagner gi-oups (61. 62). TheTgfbl knockout 
mice are an exceptional case in point (^Pable 3). On a mi^ed 
(50-50) 129 X CFl background (CFl is a partially outbred 
strain), about half of Tg/I>i knockout mice die from a preim- 
plantation developmental defect (SS). and the other half die 
of an auioimmuno-Uke mulUfocal innammatnry disease at 
about weaning age (29). If the targeted Tgfhl allele is back- 
crossed onto a C57BL/e background, 99^ of all knockout 
animals die of the preimplantation defcct(63}. Howeven if a 
Tgfbl knockout allele is put onto a mixed 129 x NIH/Ola x 
C57BU6 background, embryo lethahty is obsen-xd dunng 
yolk sac development, not during preimplantation develop- 
mcnt (64). With respect to the miiMfocal inflammatory dis- 
order of Tgfhl knockout mice, if the targeted allele is put 
onto a 129 x CFl mUed background (50:50), severe innam- 
motion exists only in the stomach (29); on the mixed 129 x 
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Tflble 3. Background dc))etidi3ncy of T)j;/T>/ Uiiockout pheact^-pcs 



Plienotrype penetrance on vnrtous strains t 



P h Oft e typo 



L29 N Cat 



1,29 X C3II 
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C3H l29xCS?x NIH/Ola 



Pi-eh-niilanUiUoii lethality 50 ND 

Volk an^ lethality*' 0 Ji 

AyUiimnnino discnsn 50 30 

Git,Htric innainmation 90^ 20'* 

Inteatinal inflofiimntiun 0 70*' 

Colon cancer* ND 



ND 

m 

50 
ND 

ND 



ND 
1 

ND 
ND 
ND 



ND 
NP 
ND 
ND 
ND 



MD 
ND 
ND 
ND 
ND 
0 



0 
50 
BO 
NO 

ND 



Pcrcenlago of knockout animals of a given strnin feli^t have the deelennftRH phanoLyiJO. 
*^For details, .Tcr rcrercnccs 64, 67. 

'■Appmsimntfily WA> of animab with autoimmune Gi^n^i^. huva na detectablD gastrointi::8tinal tract UinammatiDn, 
* 1.1 n published obs^srv acton S: 
ND = not detortninod. 

rilH/Oln X VSIBIM back^oimd, the intestines ai-e mnre se- 
verely inflamed than is tJie sfcoraach {65). Finally, on a pi-e- 
dominantiy 129 background (129 x CFl: -97:3), TgfbZ 
knockout Eiice develop colon cancer if the mQammatory dis- 
order can be eliminated by other genetic manipulations that 
render the mice immunodeficient (unpublished observa- 
tions). However, on a predominantly C3H background, im- 
miinotkncient Tgfbl luiockout mice do not develop colon 
cancer (66). These results Suggest that modifier genes exist 
that can significantly affect the function of TGPIJI in prain^- 
piantation development, yolk sac development, bowel and 
giistric inflammation, and colon tumor suppression. 
Progress toward localis'.ing a modifier gene for the ytilk shc 
developmental problcxn has been made (67 ). 

What is the best genetic background for knockout 
mice? Because background -depcmdent phenotypic variabil- 
ity will likely l>e foimd for most knockout mice, it will be use- 
ful to backcross a targeted allele onto several mouse 
backgrounds to make congenic strains. In tliis B«;tion, it will 
be argued that putting a targeted allele on a mixed strain 
background wnll also pro^nde usefu! information. This is not 
to say tliat congenic fstraina are not useful. Rather, the point 
to be made hare is that there also are bi^nefits to looldng at 
mixed strain backgrounds. Agaiit, our experience with Tgfb 
knockout mice will be instructive. 

Generating homozygous mutant knockmit anwials on a 
mitpM gmetic bachgroumi is faster. The ES cells are nearly 
always from a 129 strain, and the blastocysts into which the 
targeted ES cells aro injected are nearly always C61BU&. 
For reasons unknown, this is ^ gtiod eoinbination for estab- 
lishing gcrmiine transmi-Sfiion of the injected ES cells, Th«? 
resulting chimeras can then be crossed with any strain de- 
sired, but 129, C57BI/6j or Black Swisa mice are most ofien 
used, and CFt mice were used in the case of our Tgfb^ 
knockout mice. Hefcorozygous offspring from this crossing 
will then be inbred 129 or Fl hybrids of 129 and one of the 
other fitmins. Cle^irly then, the quickest route to hax-ing the 
knockout allele on an inbred strain is through 129. For the 
other strains several generations of back crossing is re- 
quired, which can take well over a year. Unfortunately, 
strain-129 mice have low fertility and fecundity. Conse- 
quently, the number of offspring per litter is usually few^cr 
than six. Although 129 x C57BL/6 hybrids aro more robust^ 
upon backcrosaing onto C57BL/6, litter size decreases. % 
the contrary, the Black Swiss and CPl strains ere robust, 
and litter size often is in excess of 12. The reason for tliis is 
probably because they are not truly inbred strains, bu,t 



rather are partially outbred through random breeding 
within their respective strains, Therefore, one of the choices 
one has is to stay with '*pure" genetics at the expense of a 
lower production rate and considerable delay before genera- 
tion ofejcperhncntal animals^ or sacrifice some genetic pu- 
rity to obtain a more efticient pi'oduction colony. Ideally, one 
woidd want lx» do both, but this often is im expensive. 

Mixed genetic background kmtkout mim often have a 
wider rojige of phenotypes. The Tgfhl knockout mice back- 
crossed onto either the 129 or C57BL/6 background 
{congenic$) yield only embryo lethality (63, unpublished ob- 
servations). On the other hand, when tlic knockout allele is 
maintained on mixed genetic backgrounds, embryo and 
adult phenotypes are maintained. 

The Tgfb2 & TgfbB knockout mice provide further ex- 
amples. The Tgfb2 knockout mice ha^'e more than two dozffu 
congenital defects and die either immediately preceding or 
during birth, or vritliin 2 h thereafter (30). Tkble 2 indicates 
that most of the phenotypcs are only partially penetrant 
Though it iB not documented, it is likely that the penetrance 
of some of these phenotypes would increase to neiirly 100%, 
and some of the other phenotypcs would disappea r were we 
to put the Tg{l}2 knockout allele on inbred backgrounds. 
Hence, the mixed strain background probably provided more 
information than would congonic strains. 

The Tgfl}3 knockout mice have a cleft palate (31), One 
colony of TgfbB knockout mice was left as a mixed back- 
ground (129 X CFl; 50:50) strain, whereas another colony 
was backcrossed several generations to the Cr)7BL/6 strain. 
These two colonies had considerablo expressivity differ- 
ences; the inbred colony had more severe clefling than did 
the mixed background colony In the latter, expressivity of 
clefting varied i^ndely from animal to animal. This variable 
expi-essivity within the mixed bacliground colony provided 
us with the opportunity to obtain far more data on develop- 
ment of the cleft palate and was, Uierefore, more useful for 
making assumptionis about the cellular and molecular 
mechanisms by which TGFp3 supports palate fusion. Hence, 
using the I'gfbH knockout mice, tlie mixed strain background 
provided more information thaxi did the congenic strain. 
Consequently, a wider range of penetrance and expressivity 
of phenofcype is a major advantage of investigating knockout 
phenotypes in mixed background colonies. Further, variable 
penetrance of phenotype in a mixed background colony sug- 
gests thai there are modifier genes for each phenot>T)o that 
could he obtained by linkage studies. 
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Conclusions 

Questions have been addressed thfit arose from the last 8 
years in which knockout niice have been investigated to ana- 
lyze gene function at the whole aninial level Tliese qxiestions 
concern genf! ixsdunasinc>; apparent lack of phenotype in a sur- 
prising number ftfknockaut strains, and effects of genetic back- 
ground on knockout phcnotype. Using data obtained 
piincipally &oni 7^/6 and knockout mice, it is ai-gued that 
Uiftj« is probably little redundancy' in the genome (i.e., tliat few 
genes are dispensable for surv-ival of the species). Apparent 
lack of plicnotype moi-e likely reflects our inability to ask the 
right questions, or our lack of tools to an3%ver tlicra, th^ it does 
a true lack of function. Finally, discussion of genetic back- 
ground phenotype variability, including variable penetrance 
and oscpressivity, was used to present some of tlic advantages of 
working with mixed genetic background colonies of knockout 
mice. H'or all the examples given heixj, there are counter ex- 
amples that must be taken seriuusly; consequently these argu- 
ments must not be takeii as absolutes. For example, if agcne in 
a pariacuiar mouse strain lias recently been duplicated, it will 
most likely Ihj redundant. If one is stud^-ing tissue i^ectton in 
a knockout aiouse, the genetic background obviously must be 
well defined and preferably inbred. Or, if one wants to use tl^e 
susceptibility of a particular mouse strain U) cancer to investi- 
gate the function of tlie knockout gene in progression of that 
cancer, the knockout allele must be put on that mouse sta^ain. 
In general, however, when mUkig up approaclies for investiga^ 
ing a new gene knockout mouse, I believe one would be well 
advised to assume tlaat: there is little gene redundancy in 
tnammals; Uiere arc knockout phcnot>-pes even if none arc im- 
medijitely apparent; and investigating phenotypes in mixed 
genetic background colonies may not only revefd more phenfr 
typts, but may lead to betUir understanding of the molecular or 
cellulai' mechanism underlying the phcnotype, and may lead to 
nio<lifter gene di^vcr>'. 
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tf^nic Plants Are Important for Both Cell 
S^""*' Agriculture 

^ntan( IS domagjed, li am often rejiair itself by a process in which mature 
tiaied celts "dcdiEFeicntiatc^* proliieiate* and then redifferetitloie into 
^'ccS O'P*^*- clrcurt\5iances rtie dediftercniidlcd ccUs can cwn form 
^^\cn\ ifWjrisU'im, v/hidh ciin tbcn givo rise to an ontice new plant. Induding 
^r2c«s. 1^"* remarkable plaslkit)^ of plant c&M f^aa l>e i>!K|>loiced to gcnetnte 
^^*gcfUc plants from celU growing in {.ulture. 

*^^^^Jheri a piece of plant tissue is cultured in a steH le medium containing 
wfrtents aj^d appropriate Kf^^^^'^t^ re^guialorii, rrnuiy of the colls arc stimulated to 
" li^rat* uidGfinifcely In a disorgamzed manner, ptoducliiga tr^iss of njl^ilively 
P^^e^iiaied cells called a callus. If ih^ nutrients ^ind growth regulators are 
Ltjfylly iiianifvulated, vne ciiri inxlucc the fonnation off a shoot and then rom 
meristeitis i^nthln the callus, and, in many special?!, u whole nt?iv plant can 
hfiewncrated. 

Oil^s cultures can als<j bt* mechanically dissociated Into single cells^ wttich 
wB ^'^^ divide as a suspension culture. In several plants— including 
orffifco, petunia* canot, poiato. imdArabidopsis—^ single cell fiam such a Sim* 
ftfjggon culture can be grown into a small chimp (a done) from wliich a whole 
pU^an regcnetafed. Stich a ceU, wtsidi has Uic abilit>^ to give rise to all pans 
of^psnism. Is considered totipotent. Just as mutant mice can be derived by 
gendc manipulation of emhrvxinic stem celts in culture, so transgenic plants 
(anbecreuJed from jjjngleiulipotcnt plant cells transfccsed with DNA in cnlmr« 

The abQit>' to produce transgenic plants has |;rciiOy ^accelerated progress in 
Bfln^'srtasof piuntcell htoiogy» U huit had an important role, for example. In iso- 
JpjMiagirecepioraiorgrmvth roguJatom^^ it>eelli(*ai$m$ of mor- 

phcgKiO^is and of gene ejcpression in planis. h h?i$ Also opened up many new 
jossibiidcs In aRriculturG that could beo^rit both the farmer and the consumer. 
Ii has made ii [lossibk. for *u;UMpte, to modity the lipid, s larch. and prorettk sioir* 
i|er?9enTd in seeds, to impart pest and virus resistance to plants^ lirul to create 
nxMed jdants that tolerate extreme hahliat^ $tich as salt marshes or WBtcr- 
sEESsai soil. 

Maiiy of die major ad^fances hi understanding aninsal dcvielopmcnt have 
comr from studio on the fruti fly Onmxphtla and the nematode worm 
(jKmrhabdhts itl^am. wtiidi arc amenable toextensKHt* genetic analysis as well 
felDfSperlmtaital manipulation. Progress In plattt developmental biology has, 
tn the past, been relattv^y sIim* by comparison. Many of the plants? iliar have 
prosed most amenable to genetic analysis — such a5 maize and loinalo--'havT: 
i ^ ^ ^^t^s and \ncry large genomes, making both classical acwl molecular 
t eSDetkanah'^iis limc-cansuming, hicrcasing attention is consequently beinj; 
fttii \o a fast -growing small weed, the comm<m wall cjt^ss (Arabidopsis 
lytana), w-hich has several major advsiniage^ as a •mcidcl plant' (see Figure 
M5 and 2I-I07J. The relatively small Amhidopsis genome was ihc first plant 
[ #^ftCraie to b*; completely sequenced. 




Figure B-TI Mouio wldi atn 
««i£ln««r«<l defect in ftbrablist 
j^rowth factor 5 (FGf^S). FGFS H » 
nofuivc rt^JbtOf 0/ hair forrrat^on. tn a 
niotjse l]»d«dr^ FGF5 (n^}, th« hair k lor^ 

(kftjuTrtm^TTtc ftike with phervoqrpcs 
-that nwnic aapecu of a variety of humirf^ 
dlsoniftft. iftcUj^f)^ Akch«im«>r^» derue. 
tch«n»dere»^. diabetei, cysdc flbroUi, 
md «omc r>p6 of CMX«rt.Niy« l>e*n 
t«n«nBt«A Their »ud/ may lead to the 
development of more cBcct^a trcstmtno, 
{COiMttiif ^ Gill H»rtin. from J.M Hebert 
«t aLCef 7£:I017'I025. imC^^bew^,} 



^ge Collections of Tagged Knockouu Provide a Tool for 
wananlng the Function of Every Gene m an Organism 

^luivfi ooiiatiof utive efforts are Wiiderway to generate comprehei^slve Ubrurle* 
^^atiofis in several model organisms, including 5. c^rwisiae, C e/egCTAis, 
j^^/tjifl, Ambidapsis^ and the mouse, 'flic ultimate airai in each case bi to ptO' 
(jji V^^ion of mutant strains in which every gene In the oiganisrti has 
^^oeea systejnaticaUy deleted, or altered sucli tliat it can be conditianally 
Collixukms of this type wilt provide an invaluable tool for Uivesrig;at- 
Etiitction on a genomic: scale. In some cases, each of llie individual 
^*^^vtlhtn die collection will sport a distinct molecular tag-^ unique DNA 
^^''cc designed 10 make identification of the altered gene rap id and routine. 
' ^^^^i^i^, the task of generating a .let of 6000 mutants^ each missing 

S^NG QiiH^ EXPaUSStON* AND RiNCriOtsT 
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&08 CHAPTER 17 



whkfi exogcnou.5 DNA is introduced from a bacterium 
ii«o a hosi c«U. The medianism rescmbJes ihat of bac- 
ticrial conjugation. L\prc5sion of the bactcriaJ DNA in 
its new bast changes the phenotype of the cell. In th€ 
example of th^r ba<:t€Hum Agrohf^cterium tumefacicns 
ihc rc$i3k '\s to imlii<;e tumor lormatkui by an infected 
plant c<;U. 

Alterations in the relative proporttons of compo- 
nents of rhc genome during ^mafic devcJopment 
occur to allow iiisect lame to increase the nutttbcr of 
copies of certain genes. And the occasioiial amplifica- 
tion of genes in cult ured mammalian CelL'; is indicated 
by our ability to select variant cells v.ith an incrca<ted 
copy number of some genes. Initiated withjji the 
genome, the amplificatiojri cv^nt can create additional 
copies of a gene that survive in either intrachromoso- 
rn;ii or cKtrachromo^onml form. 

When extraneous DNA is introduced into eul(ar>'- 
otic cells* it n:i;iy give rise to cxtrachromosomal fornis 
or may be integrated into the genome. The relationship 
betivcctl the cxtracbromosornal and genomic (^yrms is 
irrc^yhu dcpettdingon chiince and to some degree wn- 
prediGtable evtsnti. rather than rescmblin^g the regular 
iiUerchnnge bct^i'een free ajui integrated forms of bac- 
terial pLism ids. 



Yet. howo-er acaimpli$hed. the process mav lead to 
stable change in the genome; following its injection 
into anijfwal eggs. DNA may evxn be incorporated into 
the gejjomc and inherited thereafter as a nornvd com 
poilent, sometimes continuing to function. Injected 
DNA may enter the germiine as \vc^\ as the soma, creat 
mg a transgenic animal. The ability to introduce <ir^ 
cific genes ihat function in appropriate rminnej 
could become a major medical technique forcurin* 
genetic diseawrs, * 

The converse of the introduction of new genes i& 
the ability to disrupt sf^secifie endogenous genes 
Additional DNA can be introduced within a gene to 
prevent its expression and to generate a null allele 
Breeding from an animal widi a jiull allele Oan generate 
a homozygous *'knockout': which has no active copy af 
Ihc gene. This is a powerful mcthixi to investigate'di^ 
rcctiy the importance and function of a gene. 

Considerable manipulation of DNA sequeticei 
therefore is achieved both in authentic situation^ and 
by otperimcntal fiat. We are only just beginning to 
work out the mechanisms that permit the ceU to fc- 
ifpond to selective prcssutNg by changing its bank of se- 
quences or that allow it to accommodate the intrusion 
of 4ddition;ii sequences. 



The mating pathway is triggered by signal 
transduction 



THtiycEist S, cemW^^uccan propagate happily in ei- 
ther the haploid or diploid condition. Conversion 
bet^-een these states tnkes place by mating (fusion of 
haploid spores to give a diploid) and by sporulation 
( rnciosis of diploids to give haploid spurcs). The a bility 
to cngjige in these activities is determined by the mat- 
ing type of the strain. 

The properties of the two mating types arc sum- 
mari^ted in Figiure 17.1. We may view thtrm rest- 
ing on the teleologiCiil prpjHDSiUon that there is no 
point in mating utdcss (he haploids are of difi^xent 
genetic types; and sporulatiori is pioduciive only 
u^eii the diploid is heterozygous atvd thu^ can gen- 
erate recombinants. 

The mating type of a (haploid) cell is determined by 
the genetic information present at tlu AMTlocus. CMh 
thai carr)^ the MAT(* allele iit this locus are type a; (ike- 



wisc» celb that carry the MATa allele are type €L Ce\h 
of opposite t>^ Gin mate; cells of the same type 
Cannot. 

Recognition of ceih of opposite mating type is 
FIguro 17.1 Mating type contmls several activities. 



fAAm 



Centyf» a 

Mating yigg 

Sporulation rio 

Pheromone ft factor 



a 

yos 
no 

a factor 



Reoep^ b&ids<i factor blnaso (actor 



no 
ycts 
none 
none 
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Preface 



Over the past len years U has bcwmc possible to make essentially any muta- 
tkm in Uic geniilinc of mtcc by utiliziDg rec^mibination and embryptsic stern 
(ES> otslis, Hftmologous rew>ftit>ination wfeen applied to uUcrinft spccUic 
endogeiioiks genes, rcfened to m gam largctins, provide* ihe highest level of 
controt over producing n)utations In doiwHl gencsw When, this is oombincd wilb 
site s^ieciiic Ttcombifiinion, a wide range of mtatatioos CJWi be prcMluccd. ES cell 
lines arc remarkable since after beiftg c&laWishcd from ft blastocyst, they can 
hit oiltuied m6 manipulated relatively easily in vitro and stUI maintain ihcir 
ability to step back into n mtm^i developmental program when returned to a 
pic-impiantation embryo. With the exponential increase in the number of 
gcnc!S identified by various: genome projects and genetic sicreeiis, it hjis become: 
imperatiw that e*ncient methods b6 developed for determiiiina gene function. 
Qeac targeting irt m cells oflers powerful approadi to study £cne fuitction in 
a mammalian organism. Ceive trap approaches in ES cells, in particular when 
they iim combined with sophisticated pfc;iCr<itns,offcr n-ot only a route to gene 
disoiivery, but also to gain information on gene sequence, exprcsston <ind 
mutant pbcnoiype. 

The basic technology necessary for malting designer mulatkms u» mioc has 
iKJcome widespread and researchers who have traditionally used cell bdolcgy 
or m<>Iecuiar cxpedments arc adding^gcne targeting techniques to their repcr* 
loire of expcrimtul approaches. A j;^ndcaiiion^rthB"l>5^k"t^^^ 
two main re^nS-Thc Snit was to update previously described tcchni<|U«es and 
to add new ic:chniq«cs that huve greatly expanded the types of roucaiiotis that 
can be made using recombination in ES cells, A chapter in this new cdiUon 
describes the deai^ and use of ate spccitk recombination for gene targeting 
spt^rcia^hes and production of condiiional mutations. Ihe second reason for 
the new book wiis to provide a more in depth discussion of the cxpcnmeiual 
design considerations that are critical to a successful |icnc targeting Study and 
to add approacOics for anal>ving mutant phenotypcs-, the most interesting 
|Kir1 of aii experiment. Gene targeting experiments should be deagncd to 
go far beyond juut mating a mutant mouie. The succ^ of a gene targeting 
cjcpcrimcnt no Im^QT lies in the making of the mul-ation, but depends on the 
imaginaiive and insightful analyists of the mutant phenat)'pcs that the mtrtation 
provides. A chapter in this edition dcscribejt the use of classical genetics in 
c*^mbtnation with gene targeting to get the most out o< a genetic approach to a 
biological question. 

The natuie of in vivo gene targeting studies of gene function arc sodi that 
critiGa! dcsigji dedsions must Ik: made at oery step in the experiment, and 
eadi decision can have a mapr impact on the value of the mfortnation 
obtained. From Ibe start, the type of mutation to be mode must be considered 
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carcfiUIy. A^Ticrcas 10 ycare ago mosi muiatos wr^re designed to create null 
mutatbons and were therefore relallvely simfile to dcsigft, at pf<^cm, a null 
mutation is only one of a lotvg of mutaUonsi that can be made, each provid- 
ing different insight into the f^netiot) of a gene. Point mutations^ large dcte- 
ikitsii, pim cjichittiges (Iciiock-jns) and conditional mutations are but a few of 
the chotccs one faces at the start of a gene Cargciiivg expeHment. The mxi 
choice is the source of DN A for the tnrsclih^ axperim«ii( Jirtd FS cell line to be 
used for the mantpiilattons. Once the niUtiliU BS cell clone }*as been obtained, 
there are then a number of altttnaiive spproachcs that can be used to make 
IBS cell chiracms ihul di&p<:rtd m the ES cell time which was used finally, and 
most ittlpOfi^mily. the analysis of any phet^olypc that arises. This second 
addition discusses technique* used to analyze cnutani mice, ranging from Minx* 
dard dcscripUvc evaluation, to a chin:icr?i itniUySiS Or" cottsplicated brccdii>g 
expcrLmcnis that uiito double itiutitiits, U mice are simply considered as a 
'bug of ojILs* or an irt vivo souice of selected cell types, then the tremendous 
itsouice wh ich mice offer as a model organ isiw is not being rcaliiccd. The life of 
^ itKHiSe represents a continuum of dynamic proocssc&, including pattern kir- 
maiion, orfian de%*ciopraent. learning, homeoslasSs and disease. By making 
genetic alterations in mice u^ing gent; lirgetiEig ikmSi ES cells, the effects of a 
given change can be studied in the context of the whole orgar>i^>m. 

My goal in cditini^thi;; book was to provide ;a manual that could take a new- 
comer to ihc exciting fteld of gene targeting and mutant analysis in mice from a 
doncd gene to a basic understanding of the geneiic approiidies a\^ailable using 
ES cells, aiHl how each technique can used lo design a p^irtkular in vivo te$i 
of gene ftinction.Thc hook should afeo providje a valuable bench side resource 
for anyone canning out gene targeting or geaic trap experiments, a chimera 
analysis or classical genetic approaches. I would oficc again like to extend 
many thanks and my deepest appreciAlion to all the authors for ihetr great 
etfotts in including detailed protocols and lucid d'«cu5sions of t\ie. various 
approaches presented, I would afcvo like to thank my family for their strong 
support and laboratory members past and present for helping to make gene 
targeting a reality. dnalJy, since many of the techniques use mice, the cotpcri- 
menis should be wirrisid OUT in jjuxords^nce with loc*!! regulation*, 

New York, NY AX J. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY. ALEJANDRO ABUIN, nnrf AM.AM nRAPl.r^Y 

1, IiitToduction 

When a fragment of genomic DNA is iiHroduccd into a manimaliati cell il Ciin 
locate and rccombinc with ihc cndogcnoi^ homologaus iiequ6n«6ij. This type 
of hofnologcncs recombinftlion. fertOwri us gerte la rgelit*^, ift the subject of this 
cliaptcr, Ctnt Writing has Jxicu widely mcd, ptfirticulafly in mouse cm- 
bryonk Stem (ES) cells, to ma&c a variety of rauCations in many different loci 
M> that the phcnotyprc consequences of specific genetic modifications can be 
a&scssed in the organism, 

Itjc first «xp«rirnci|l^il irvidtrjlpe; fcir tlie 0iXurf(5iK:c Of gcrtc iargctiitjj in 
mainin^'^li^A cells was made using a fibroblast cell lioc with a sclcetabEc 
artificial loaistbyUni^rfl^.4l|f-^n«^'^a^suhscqucntl):^xlcmot^ 
the endogenous 3-globin ijene by SraithltKf eiai ia erylhroleukaerniii o&JJs (2). 
in general, the frequencies of gene lai^elitig in mummiilian ;ire relatively 
low cujnpmt*?^ t<> yea^t £:ell$ Arni thi$ is pfo^xibly ^elatcrf lo, at Iciu^t in pan, a 
cofiipctinjr pathway: efficient intt:gration of the iransfcctcd DNA into a ran- 
dom ctiromosomai slit. The rclaiivc ratio of tar^gstcd to roodfiin tatcgrati^Dn 
events will determine the case with which targeted clones arc identified in a 
pan iiiT5:ciiiigc;(i.ivritn^in/Hiis chapter deuuls asjjeiis Of vector desi^y) wbicb 
can dctcrn>inc the effidcncy of rccombinatmsi, the type of mutatkm that may 
be generated in the target locus, as weU as the sclecttoo and screening 
SI ni levies which can be used to identify clojics of ES cells with the desired 
targeted tnoditoiion. Since the most coirunoii, experin^enti^i straiegy is to 
ablate the function of a target gene (null otkk} by iinroducijig a selectable 
marker gene, wc initially describe the vectors and the selection schemes which 
tthe helpful in the identification of rccombinaiat doncs (Sections 2-5). In 
Section 6. wc describe the vectors and additioraal considerations for gener- 
ating subtle mutations in a target locus devoid of any exogenous scqueiKt*. 
Finally, Seaion ? is dedicaied to the irse gene t^irgeitng m ^ method to 
express exogeiKws gejies from sj'tcdftc ciidogenotts regulatory <;temenis in 
vivo, also kiuiwn as 'knock^in* strateg^ies. 
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t: Gene targeting panciphs, and practice in mammaUtit^ c^th 
cnftcb poptiLitUms of tninsfecicd cells for taii&eie<i intcgraiion cvcnl* (Section 

42A). 

2A Dvtsign considerations of a replacement vector 

live principal ccmsidcration in the design of a rcpUicement vector, is (he lype 
of mutation generated. Secondary (yet stlU Impoiwnt) considcmlions relate 
to the fictection scfccmc ftnd scrc-cning techniques required to isotaie the rc- 
cofnbmiint cIorcs. The r ecombmajit alJetes generated by replac«mcni vectors 
tviitcaMy have a Siclection cassette inserted imo a coding ejton w replacing part 
li the locus. It is importanl to consider that, cion interruptbons and small 
dcJetioitt will not ncccssifrily ablate the function of the target gene lo generate 
a null allele. Conscqu<!nilv, ii is necessary lo cfinlinn that the ulle^ which has 
been generated is null by RNA and/or protein anal>^i5 and in many cases 
transtf ipis aiuJ iriincaied proiciiks fron* such a mutanl allele can be detected. 
Coiii^ickring thai products trom the mutated locus may have some functkiil 
(nomtal or abnormal) it is important to design a replacement vector sO that 
il>e target ed allele ib null, p^irticulaily in the absence of a good assAy for the 
gene product Disruption or deletion of ihc coding sequence by Ihe jwsativc 
selection marker will in moit instances *iblate a gene's function. Hi>wcver in 
some situation: a truncated protein may be gencratc<J which retains some 
biolc^c^iJ activity, thus some kncm-ledge of mutalions in a related gene in 
another oiganisni can be helpful in the dctcrminiition of the possible fwnCtion 
of ii largcicd allele. Null alleles arc more likely to occur by deleii»g or 
Tccoiiibining a ijckction cassette into more 5' cxons rather than cxons that 
cntodc the C-lerminus of the protein, since under these dreurasiimce$ 
minimal portions of the wild-type pol>pcplidc would be made. 

There arc several cojtsidc rations to tslfe ttUo account when a positive 
selection raarfecr is to be inserted into exon. One crilia! consideralion is 
thai dnce iKc \cn^h. of an cAon efm mfluccicc UNA gplidtlg (3), an artlEdully 
br^ exon caused by ih« insertion of a selectable marker may not be 
recognized by the splicing miichlnery and could be sklp<pcd. Thu5» trsitscripts 
LQiliatcd from the endogenous promoH?r may delete the mutated exon from 
thti niRKA $\)ccvcs or even additiimal exons. If a skipped exon is a coding 
cxnn whose nucleotide letvgth is not a muUipic of three (codon) the net rcsuU 
will be both a deletion aitd a frame-shift niut.il iOft of the gene* which will 
often generate a nuU allele. However, if the disrupted coding cxon has a 
nucleotide leiigUv which is a multiple of ihrcc, if spliced out, ihh would result 
la a protein with a small in-frame deletion which may retain partial or com- 
Idetc fui>ciion. The same ooncepi applies to gene largetini vectors in which 
cxons arc being deleted and replaixd by the sclcciabk marker. Deletion of an 
exon or group of exobs with a itnit number of c<Mioo:s may also result in a 
functional protein pfO<.Utci with an in-framc deletion. For most purposes it is 
advisiible to delete portions or aJ! of the target gcn« so thai th« genetic 
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Production of targeted embryonic 
stem cell clones 

MfCHABL I'. MA TISTi, WOJTEK AUERBACH And ALEXANDRA L. 
JOYNER 

1. Introduction 

The discovery tluit ctoncd DNA ifVtnxl diced into tissue culture cells csn 
undergo hcmiDlogous recombination lit ^|>ednc cHxcimosomal loci has 
rcvoluiioniiseil Our ability to study gene functiixi in cell culiUre and m vivo. In 
llv«or>\ this techoi<iiie, lerraed gene targeting^ allou-^ one to gen<iratc any type 
<>f mutation in a«y cl<Nie(l ^enc. The kinds of mutations tliat cuti be created 
ifjdudc null mutations, point miitJitions, deletions of spedfic fuit^iomil 
domains, exchanges of ftinctk>nfil doirniins from related genes, and ^ain-of* 
function mumtkms in i^litch cxofl^iriott^ cDNA Sequences arc inserted 
adjikceiu to endogerK>us regulatory sequences. In principle* such specific 
gcnctiG^alteratjKifts any ccll linc grouaa^ m cuItMrt, Howi^vcr, 

n-Dt all cell types can be m^iiitaifM^d in culture under the candilloft?! ncc«iSS;iry 
ioT tT^nsfcction and sclcctkm. Over tm y^rs jigo> pluripolcnt embryonic 
stetti (ES) cells derived from the inner cell mass (ICKt) of mwisc blastocyst 
stage cmbr\'0(S were isolAied iind conditions dclined for their propi>gjivion and 
maintenance in culture (1,2). ES celfe re^^mbEe J CM ceils to man^ r«s^>cci^, 
iududm^ their ability to contribute to all embf^'onic itssucs m chimeric mice. 
Using stringent culnir<? conditions* the crabr^'onic devekjpmcntal potential of 
I2S cells can be maintained folbwing senelic manipulations ai»d after many 
js^ssagcs m v^ino. Furthermore, ptjrmancnt mouse lines carrying genet tc alter- 
ations introduced into ES cellij can be obtained by transmitiing the nutt.ilion 
thiough the gcrmlinc by gcnGratifi|; IS cell chimeras (described in Qmptcrs 4 
and 5), Tlius, applying gene targeting techiH>l0gy to OS cells in culture affords 
rcscardiers the opportunity to modif>' cndogenou?; g«tmes and study their 
function ht Wro. In initial »>tudics, one of the main challcai^es of gene targeting 
Wits to distinguish the rare homologous recombination events fiont mijie com* 
monly occurring random integrations (di5St;wssed in Chapter 1). However, 
iHlvances in cell culture and in selection schema, in ve^ator construction using 
isogenic OKA, und in the applkation of rapid screening procedures have 
made it possible iCi identify homologous rcoomhinatii)n evt;tns efficiently. 
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Preface 



TiiTgeted mutation of genes expressed h tlve nervous s>'stcin is an cxciiing iKW rescaich 
field dial is forging a rcmartcHihlc arnmlgam of molecular gencticsi tm^ beliavioral ncisro- 
itciencc. My laboratory in Uctbesda has htcn the fortunutc recipietit of visiLS from many* 
nkskculaj geneticists over Ihe past five years. v*o come to ftsk, ''What's WFO«g with mj' 
mou^? Can yxm t<H iis what betm^iors arc abnormal id tm null mutants? And how iio you 
measure bdiaf^-ior, anyway?" 

W'e have hiui some remaikaWc opportunities to coUabo-rale with outstanding molccuLnr 
gcne«idsts in the Natloisaa Institutes of Health liuramural Rcscafch Program and throu^- 
Old tite wviria 6a mvcstigaJJODS of the hehaviara! effects of mutatioDS in genes expressed in 
the mouse brain. Each of these coHiiboratioais has been a Icanung experience, increasing 
our imdcrstarvdiiiig of the of)timiil experimental dcsi^ for amatyring behavioral phcRotypcs 
of inutani mice. Wliat an: d^ best tests to address each spccirpc h>'pothesi3? Which meth- 
ods u-ork best for mice? %Tiich rat tasks can be adqjied for mice? What arc the correct con- 
trols? \Vbat an; the hidden pitfalU, lurting ortifacis, false posith'es. and false iwgativcs? 
Which statistical tests arc most sensiti ve for detection of the gcnoi>'pc effect? >\1int is the 
minimum nwnbcr of anlmab necessary for each ^enotype^ gender, and age? Our laboniior)' 
;md many others arc gradually woiidng am the htsi methods for bcto-ionkl pbcnotyping of 
tjimssentc and Iciwckoui miocv 

til tJie same convcreations. molecular geneticists frequently asked mc lo rbcomniend a 
book thc>' could consiili to Icani more «bout behavior^ tcjsts fof mice. Appaically the sci- 
entific book publishers aic receiving siimlar queries. Ann Bt^le a3Ki Robcn Jiar^n^tow at 
John Wiley & Sons, con^livced of a real need for such a book, swcet-tatked me into fjllinfi 
the vo'id. What's Wwff^ mh My Mouse? is WTittcn for these pioneering mOldtular geneti- 
cists, and for the talcmed stiidents who will be the ncatt driving forc* ih ntovlng the field 
forward. 

On a persona! levels 1 would like lo express deep appjCCiaiion to alt of my beha\ioraJ 
DCTiroscientbi colleagues around the world for thcsroUtstftfiding vtvMl:, past, present, and fu- 
ture, Your contributions to the excellence and abiiwinnce of (mouse bcha\'ioral tests prov ide 

be 
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the foundaiioa for the lapidly expanding scientific. diac<>\Hrf ics rorthcomii^ flroiti behav-ioral 
|Kh£not>7?tng studies of tran^aic and knockout mice. Tliis book is a teslan^eivt to your ae- 
coBdplishmcnts. 

Jacqoeline N. CRAftlJY, Ph J). 
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Designer Mice 



Hie disease is mbenlcd- Family pedigrees indicate an auU^omal dtHiiinarl g«iM!. Unkage 
anal>'scs reveal oiic strongly associated chronwsonwl locos. Mapping idcnUnes the gene. 
The cDMA f<ir the gene is sequenced. The anatomical distribution of Ihe gene is primarily 
in Wain. The symptwms of tiic disco« iire primarily iieiir<^>sychiatric. There is no treai- 
mem for dw disease, flic disease is lethal- 

Your rmssmn, should you choose to acce^rt it, is to dcvelofi a trcatmcm for the di^fcasc. 
Rcplaccmenl geiic therapy is the best hope. But you doiv^t know the gene product, you 
don\ fcnov^' lis fmiction, and >x^u d^tiH Icaow if geBe deliv'fify would be thenipeuuc. mtxc 
do you start? 

Th^ yo" may choose to start with a ^eicd gene mutton, to gcnetaie a tmitant 
mouse model of dtc hertdatary disease. A DNA. construct cootoimngfte mut&l*dfotrm of the 
responsible gcac is developed. The construct &s inserted Into the mouse get^me. A line of 
irac« with \ht mwti^ed geiie is gcacralcd. Chamcieiistics of the mtUaxa mice are identifBed in 
contparison to normal controls. Salicait chanitteitstics icloani to the htiman (fiscasc are quan- 
titaicd. These di^iselike traits are then used as; t^ VBriahtcs for «%*ahiasing dsc cffisctivwss 
of tn^atmcntK, Putaiivt treamictits are adjoumsu^ to the rautsmi mkc, A trc^nent pre- 
vents or reverses the disease timts m the muiantimce b taken forward for further testing as a 
potential thempemic treatment for ihe feonau gcucdc di^sasc, Oenc therapy, based on targeted 
gene rq>la(cement of the raissbg or inawrcct gene in the hunsan hereditary disease, is de- 
scribed in Chapter 12. In the Riiwe, medkinc may shili emjjhaesis from treating the iiymp«oms 
to athninistMiig replacement geitfit that cffcctrvxly and per mancatly core the disease. 

Targeted gene matation in mice represents a new tcscbnology that is revolwiioniaing bto- 
nvedtcal research. Transgenic mice havx m extra gttte added. An additionai copy of a nor- 
rreal geibc is inserted into the ni«yu3c genome to- «mdy ov^crexpressjon of the get»e product. Or 
a new gene is adtfcd dun is not liormaUy prtsenl in the mcusc genome. The new gene may 
be Uic aberrant fomi of a himian gene linked w a disease. For example, the mutated form of 
the human huniingih gciw is added to the n^ousc genome to generate a mouse model of 
Huntingion's disease. Ktioekout mice have a drSet^^ The null mutsnt homozygous 

t 
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2 o^m^ERm^ 

knockout mm^ is dcficiimt m alleles af a gene; tfac hetero^ygote is deficient in orw 
of its tAH^ alfejes for the ge^e. The g)CPo*ype is tor the jjuB rduiniu, +/ - the hct- 
mtzygotc, and for ttic wllitlVpc uerraal coittrol, the p!ieB«fype k tiic set of o$>- 
.^ervcd characleH^iics rc^ltiiig ft^ the mutotion, Plicootypcst biodit^cal, 
^natuffnical. phy^aologjcal, and betoiocai characterisiicit, 

tiifgetrd muiiiti^ of gcacs expi*esscd in th£j htmn arc ro^alingtlH! Encchajtisiwii unto- 
lymg n^trmaJ behavior 4«id bchavtotaJ ^jbnarmalities. Mouse matiels of btunaa neyropgy- 
cblatHe ^is^ases, wf* Alzticimtr*^ disea^, Pafkiwn's disease, Honiington's di^asc, 
amyoin^hic Jateral sckrosis. obc^ty, ar^Qrocia, dcpfcs^toa^ alcobolMun, drug addicticwi, 
schixophniaia. and ummy\ m likely to N cfearactcdiscd by ibdr bchav^ral pbenotyp«. 

TOs bcH^ b dcsigiscd ^ ttiferoducc the tiovicc Eo tlic ricl* literature of behavi^ tests in 
m\ct and to ^how how* to opitmz^ the applimion of tbcsc tests for bctuaviorai piicnoc>pittg 
of miitant mUt. Iksed on owr expencoccs^ our la3>onilory ia \*H>rkii3g toward a unSfWd ap- 
|m?iM:h for thfi optimal coiidoet of behaYioraJ p^N:n«typiiig experiments in mtitani; mke. 
Reeqrnnwndatiofi^ ^ ofifcred fm & thr^tiened secp^ttcc of bdsavtaml ^sts, appJicabb to 
cadi beluvioia] dotnain relevant to gcfi^ expressed in tha mamsmlmi brain. 



Hiis book iS designed as an ov*r\ lew of the mmmt moyie l^hnology and an tDtroducioji 
10 the ndd of behavic^a] ncBrct^cience, as it can applied m behavioral phenof>'ping of 
tmus^nic and knodtout mice. M0)ecit]arg:ericiidstsi ni£^ hrow&e ttougfe Hie diapicrs rcl- 
<o for p<mible tests lo try. B ^gio| ai newx^ckntisla havr 

gcaic Of knockout, the bdiavtoral tcsis tli^t have be^ effecrivdy applied aod some of the 
successfiil eHpsrimcnts put^isl»;d in Uic genetics literati£fe- 

Chapters Organized ai^und bcha^iorssl domains, mdu^iog geae^al healdi, neurolog- 
ical reflexes, ^vdopnratal tinl«stofies, molar f«ncti<ms. m^vy abilities testmrng and 
mmory, finding, saxtial and pai^ni^l bchafvior social bdiaviors. and rodcm psaradi^^ 
rde\'am to feai, rnxkiy, dcpres^on, sduzofphnMti^, and dfUg addicUon. ditap- 

tcr beaim with a brief history of die early work in dse field and dse irypcthe^s about 

inechant^ms underlying the cxprcssiori of tbe behavior, A list of gcoerul review mkk^ aind 
books is ofl^rcd ihr each ippic, encoi^ginn tise antetiesied reado- to ^ain mmc in-dqHh 
Imcjwiedge of the re!i?\'ant literutwi^, 

Standaid testes artta^npreseittcd bdctiiil HigbligJUed are iho^ta^ that hirvx cx- 
tesisiv^fy >^idated in mice Dein^sir^tions of genetic ^xmipqs^^t^ts of ^ i^ormancc are 
described, including «!?spcrimcnts compaiiisg inbr^ strains otthm iistxam dtjtfihuiions), 
quantii^itivie trait loci approaches (littls^j^c aadyal$), imd natinally occurring mutanls (spoai- 
taneoQs mymtions). Experimental dc^i^ and specific bcbsviomi mk» arc pr^ented as 
simply as posisibie. ExtejtsTv<! rcferciice^ jirc inctiided Ibr eadi betoloraJ test to obtab 
more coni|iI*ee uicitaods fro^n tbc paimary caspcrioiciual Hicmtnrc on the toptCv 

lilostrtitip|i$ nrc pro^'Ede^ fcsr ibe most jto^Kntty used bdoviora] tasks, PhiOtogiaphs of 
the equipment m disgmm <?f the task ac^^oit^pany the mi. Samples of dii^ta are shown. The 
daia presentati(m Is designed to indacaie die qualitaftve and quantitative results that can be 
expected when the task is ptXiperty ramdiicted 

Eitch ch^ter includes ih^ readts of ijev«:ra! rcf^e^nlativc ^xpcrint^ats \n wtUeh diesc 
tu^ ore 5ruccsessft)% applkd to characterise tf^nsgciue and knockout miee. Exajnplcs ^ 
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WHAT'S 
WRONG 
WITH MY 

MOUSE 



Transgenic and knockout mutations piovide an important means for understar^ding gene 
fgrKtion. as well as for developing theraptcs for genetic dJieoics. This engaging aod informative 
book discusses the many advances in the Hold of transgenic technology that have enabkd 
researchers to bring abo^t various changes \n the rrio^use genome. Equal emphasis Is given to 
both the priricSplcs of transgenic and knockout methods and their applications. A dear and 
concise format provides researchers vviih a comprehensive review of the bohaviorat paradigms 
appropriate for analyzing mouse phenotypes. 

Whots Wfong iv/f^ My A4ouy<f? explains the differences between trsnsgcnic knockout mice artd 
their wild-type contfols, while providing critical infc^matfon about gent function and cspres- 
siork. This volume recognSies that newly identified genes can provide useful insfghts into brain 
functlonir^g, including brain malfunctioning in disease states. Written by a world •rertpwricd 
expert in the field, the material also covers; 

• How to generate a transgenic or knockout momti 

• Motor functions (open field, holeboard, rotarod, balance, grip, circadian activity, etc.) 

• Sensory abilities (olfaction, visioa hearing, taste, to^uch. nociception) 

• Reproductive behavior, social behavior, and emotional behavior 

Researchers rn neurosciencc. pharmacology, ger^etics, developmental biology, and cell biology 
will all find this book essential reading. 



^/WILEY-LISS 

A )OHN WILtY is SONS, LNC. PUULICATHJN 
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